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On average, primary care physicians address 3 problems per encounter, some of which consume the majority of each encounter's time. 9 Therefore, help from nurses and medical assistants (MAs) can be an extremely valuable tool to increase vaccination rates. 10 In past studies, when nurses and MAs have been trained on specific preventive health care topics, including vaccines, their measures have improved. [11] [12] [13] [14] By comparing age-appropriate and comorbidityspecific vaccination rates before and after an educational intervention, our study aimed to determine whether a lecture-based educational intervention targeted at nurses and MAs would improve vaccination rates.
METHODS
This study was deemed non-human subjects research (ie, quality improvement) by Aurora Health Care's institutional review board, thus oversight was waived.
Patient Population and Chart Review
Patients seen within a 3-month time period at one of two urban academic family medicine clinics located in a midwestern state were analyzed. The preintervention group presented from July 1, 2017, to September 30, 2017 ; the postintervention group presented from November 1, 2017, to January 31, 2018. A prestudy analysis looking at the aggregate data of the number and types of vaccines administered during each month of the year showed that these two 3-month windows were the most similar in regards to the average number of vaccinations administered per visit and the types of vaccines administered during those visits.
Any patient who had a clinical encounter with one of 20 current postgraduate-year-two (PGY-2) and postgraduate-year-three (PGY-3) family medicine residents met inclusion criteria for the study. Patients were selected randomly using the statistical software R for each pre-and postintervention chart review. After the random selection, patients whose last visit within the 3-month time span was with one of the study's investigators were excluded. Before the random selection of charts for the postintervention group, patients included in the preintervention chart review were excluded. This was done in order to avoid counting a patient who had been vaccinated during the preintervention period as being up-to-date in the postintervention period ( Figure 1 ).
To determine which vaccine was indicated based on the patient's age and medical comorbidities at the time of the visit, an Excel spreadsheet was coded based on the patient's age and health risks. The encounter date was the most recent date within the 3-month period on which the patient was seen by a PGY-2 or PGY-3 family medicine resident. This date was used to calculate the patient's age in order to determine age-specific vaccine indications.
The coding for vaccine indications was based on the "Recommended Immunization Schedule for Adults Aged 19 Years or Older -United States, 2017" and "Recommended Immunization Schedule for Children and Adolescents Aged 18 Years or Younger -United States, 2017," both of which were released by the Advisory Committee on Immunization Practices and approved by the Centers for Disease Control and Prevention (CDC). 15, 16 For the purpose of this study, vaccines were determined to be up-to-date if the patient had received the complete series for a specific vaccine or if the patient had received the indicated vaccine during their last clinic encounter per documentation in the Wisconsin Immunization Registry or in our health www.aurora.org/jpcrr 49 Quality Improvement system's electronic health record. Definitions for high-risk populations requiring additional vaccines, including patients defined by this study as refugees, are given in Appendix A (p. 55). [17] [18] [19] Abbreviations for vaccines studied in this analysis are provided in Box 1.
For assurance of consistency, a random selection of 40% of the charts from both pre-and postintervention groups were reviewed a second time by a third investigator. For cases in which a discrepancy was found for a vaccine indication, the study investigators reviewed the chart together to reach a consensus. The occurrence of a discrepancy was very uncommon, and all charts that ultimately required 3-investigator review were deemed to have been done correctly by the primary reviewer.
Intervention
A case-based lecture series was developed based on standard CDC vaccination recommendations. The lecture series consisted of 3 lectures, each 45 minutes in length, with the goal of addressing immunization guidelines and identified barriers to vaccination. The first lecture covered current vaccination statistics, common misconceptions, and vaccine-preventable diseases. The second lecture covered specific vaccine indications based on age or risk. Lastly, the third lecture covered additional specific vaccine indications, immunization resources, practice recommendations, and communication recommendations. One of the investigators, a medical student between his third and fourth year of training, carried out the lectures.
For each clinic site, 3 dates during the month of October 2017 were selected for the educational intervention, in coordination with the clinic manager for both clinics. An email containing the selected dates and inviting all of the nurses and MAs at both sites, with emphasis that participation in the intervention was completely voluntary, was sent.
The intervention took place during the lunch hour. As an incentive, participants were given a $5 gift card and light snack for each educational session that they attended. All nurses and MAs who attended the sessions were given a quick reference guide (Appendix B, p. 56), created by the study investigators, which included a list of common vaccine indications, the American Academy of Pediatrics "Refusal to Vaccinate" form, and the CDC's 2015 Pneumococcal Vaccine Timing for Adults handout. 20, 21 Statistical Analysis Data analysis was conducted using Minitab ® statistical software (Minitab, LLC, State College, PA) and Excel (Microsoft Corp., Redmond, WA). All continuous variables were summarized using descriptive statistics, including number (n), mean, standard deviation (SD), median, maximum, and minimum. Analysis of variance (ANOVA) was used for multivariate modeling. Results were considered significantly different if the p-value was less than or equal to 0.05.
RESULTS
Vaccinations were reviewed for 1689 randomly selected patients (872 preintervention, 817 postintervention) who met the inclusion criteria ( Figure 1 ). At Clinic 1, all 6 nurses and MAs who were invited attended all 3 education sessions. At Clinic 2, out of the 13 participants who were invited, 5 attended all 3 sessions, 4 attended 2 sessions, and 4 attended 1 session. At both clinics, the vast majority of patients were insured by Medicaid (n=1053, 62.3%), followed by private insurance (n=312, 18.5%), and Medicare (n=286, 16.9%). Overall, the sample population was representative of the patient population at the clinics in terms of age distribution (patients 19-64 years of age: sample=54.9%; clinic population=52.3%), gender (females: sample=60.7%; clinic population=60.0%), (Tables 2 and  3 ). When the results from the two clinics were pooled, HPV immunization rates for 13-18-year-olds also were increased (from 90.7% [n=54] to 100% [n=45]; P=0.036). Furthermore, rates at both studied clinics were higher across the board in comparison to national, state, and city data (Tables 2 and 3) . 1, 22, 23 Refugee patients (n=171) comprised 10.1% of the total study population. As shown in Table 4 , no increases were seen in vaccination rates within this subcohort, and a significant decrease was seen for receiving the second dose of the measles, mumps, and rubella vaccine (MMR#2).
Box 1. Abbreviations for Vaccines

DISCUSSION
Our study found that a lecture-based educational intervention for nurses and MAs did not significantly increase immunization rates at both family medicine clinics. While Clinic 1 did show some statistically significant increases postintervention, Clinic 2 did not. This may be due to the attendance rate of nurses and MAs at Clinic 1 (100% of participants attended all 3 sessions) being dramatically higher than the attendance rate at Clinic 2 (38% of participants attended all 3 sessions). Immunization rates in Milwaukee, Wisconsin, where the study was performed, are lower than state and national averages. However, when compared to nationwide, Wisconsin-wide, and Milwaukee-wide rates, immunization rates at the two clinics making up our study setting were much higher at baseline. These already high rates may have contributed to the lack of response to the intervention.
Some barriers to vaccination from the patient's perspective include lack of caregiver knowledge, mistrust of vaccines, and caregiver's perceived barriers to accessing the health care system. [24] [25] [26] Barriers from the clinician's perspective include concerns for cost, insurance coverage, and incorrect assumptions of immunity. 27 As an example, Tdap vaccine is not covered by Medicare Part B unless it is part of the treatment for an injury or direct exposure to the disease. 28 The MMR vaccine rates for adults at the clinics studied were less than 50%. MMR is possibly considered a low priority by clinicians because individuals born in 1957 or earlier (60 years old or older at the time of this study) are considered immune. 15 Assuming that after 2022, all 19-64-yearolds will be eligible for MMR, this educational point may need to be addressed in future interventions.
No increases in vaccination rates were observed among refugee patients. Based on their age and risk factors, refugee patients must be vaccinated with the following immunizations -Polio, DTaP/DT/Td/Tdap, Hib, Hep A, Hep B, Rotavirus, MMR, Meningococcal, Varicella, Pneumococcal, and Influenza -before they can submit a permanent residency application. 29 These requirements could explain the clinics' high vaccination rates for refugee patients, which made it harder to improve these already high rates. However, PPSV23 immunization rates for refugees still require much improvement. Potential explanations for the worsened MMR#2 immunization rate postintervention include patient refusal, shortage of the vaccine, or the vaccine just being missed by clinic staff.
Limitations
This study was subject to several limitations. Because Wisconsin's immunization registry came online in 2000, information in the registry about vaccines administered before 2000 is limited. While staff at local Quality Improvement health departments routinely enter into the registry records of vaccinations administered before 2000, staff at primary care clinics or pharmacies do not always. 30 Furthermore, vaccines administered in different states rarely make it into the registry. As a result, compared to children, adults have less complete documentation of vaccinations in the registry. Therefore, the up-to-date vaccination rates in this study may be lower than actual rates. On the other hand, because the postintervention period spanned the flu season, the reported vaccination rates may have skewed higher due to more focus being placed on immunization when visits happen during the flu season. Lastly, this study does not have the capacity to analyze many of the systemic factors that contribute to low immunization rates.
CONCLUSIONS
A short-term educational program for nurses and medical assistants at two family medicine residency clinics did not have a significant effect in improving most immunizations rates, likely due to the clinics' already high age-and risk-based immunization rates. Despite the fact that, on average, these rates were higher than national, Wisconsin, and Milwaukee rates, there is still opportunity for improvement.
While a multidisciplinary team approach to this problem is required, the development of algorithms in electronic health records to generate patient-specific, risk-based vaccine recommendations at the time of a clinic visit, in addition to the age-based forecasts available from state immunization registries, would be helpful. However, even these interventions will have difficulty improving the population's overall immunization rates if systemic factors affecting vulnerable populations are not addressed. Therefore, future interventions must address systemic factors in Milwaukee, like lack of access to care, if the city is to reach Healthy People 2020's immunization goals.
Patient-Friendly Recap
• Compared to the general U.S. population, immunization rates in cities often lag.
• The authors targeted an educational lecture series to nurses and medical assistants in the hope of improving vaccination rates at two urban clinics.
• While the education did not result in substantial increases in vaccinations, this may have been in part due to unusually high baseline rates at the studied clinics.
• The authors conclude that future attempts to improve immunization rates should go beyond education and address systemic factors such as access to care. 
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